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Abstract 
 
The results of examinations concerning the abrasive wear resistance, hardness, and thermal expansion of high-aluminium zinc alloys are 
presented. The examinations were carried out for five synthetic ZnAl28 alloys with variable silicon content ranging from 0.5% to 3.5%, 
and – for the purpose of comparison – for the standardised ZnAl28Cu4 alloy. It was found that silicon efficiently increases the tribological 
properties and decreases the coefficient of thermal expansion of zinc alloys. The most advantageous set of the examined properties is 
exhibited by the alloys containing over 2.5% Si. They are characterised by higher parameters as compared with the standardised alloy. 
Observations of microstructures reveal that silicon precipitates as a separate compact phase, and its morphology depends on the Si content 
in the alloy. The performed examinations show that silicon can satisfactorily replace copper in high aluminium Zn alloys, thus eliminating 
the problem of dimensional instability of castings. 
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1. Introduction 
 
Zinc alloys with increased aluminium content are frequently 
used  materials  for  sleeves  of plain bearings. They exhibit good 
tribological,  mechanical,  and  technological  properties  and  low 
melting point. Bearings made of these alloys can work under the 
load of up to 20 MPa at low and medium circumferential speeds 
and  the  temperature  not  exceeding  100°C,  and  can  replace 
bearings made of tin bronzes in the non-corrosive environments 
[1-10].  The main addition to the ZnAl alloys is copper, which 
influence advantageously their abrasive wear resistance, strength, 
and  hardness,  but  causes  a large  dimensional  instability  of 
castings.  The  dimensional  changes  occur  already  at  0.6÷0.7% 
copper addition and increase with an increase of the considered 
element amount [7, 11-14]. Dimensional instability is related to 
the phase transitions proceeding in solid state and to the occurring 
of complex ZnCu phases [7, 13, 15]. Therefore investigations are 
carried out in order to replace Cu with other elements, which can 
provide  for  high  tribological  and  mechanical  properties  of  the 
binary  ZnAl  alloys,  and  simultaneously  prevent  dimensional 
instability  [4,  5,  10].  Reference  [16]  presents  thorough 
examinations of properties of ZnAl40 alloy with silicon addition, 
which  solves  the  problem  of  dimensional  changes  of  castings 
though do not enhance strength to a great degree. Results of these 
examinations  indicate  that  the  enriching  of  ZnAl  alloy  with 
silicon increases hardness and abrasive wear resistance, while the 
coefficient of friction and density are reduced. It is also concluded 
that  the  high-aluminium  zinc  alloys  with  silicon  addition  are 
better materials for plain bearings than non-silicon alloys [16]. A RCHIV ES   o f  F O UNDRY  ENG INEERI NG   V o l u me  1 1 ,  S p e c i a l  Is s u e  3 / 2 0 1 1 ,  2 61- 2 64  262 
The present investigations are aimed to an assessment of structure 
and selected technological properties of ZnAl28 alloy with silicon 
addition  content  ranging  from  0.5% to 3.5%, as well as of the 
standardised ZnAl28Cu4 alloy for the purpose of comparison. 
 
 
2. The material and the method of 
examination 
 
The  examinations  were  carried  out  for  five  synthetic  zinc 
alloys (Table 1) and the standardised ZnAl28Cu4 alloy (according 
to  PN-EN 12844).  The  considered  alloys  were  melted  in  the 
induction  medium  frequency  furnace  in  steel  crucibles  with 
graphite  coating.  Specimens  were  die  cast  in  the  shape  of 
cylinders  with  40  mm  diameter.  The  pouring temperature was 
equal  to  540°C,  and  the  die  temperature  150°C.  The  cast 
specimens  were  examined  with  respect  to  their  tribological 
properties,  thermal  expansion  and  microstructure. The abrasive 
wear resistance tests were performed in the roll-and block system 
under conditions of dry friction by means of the T-05 tribological 
tester. The abraded specimens were 15.75×10×6.35 blocks, while 
the counter-piece was a roll of 35 mm diameter made of NC10 
steel.  The  values  of  coefficients  of  thermal  expansion  of  the 
examined alloys were measured for specimens of 6 mm diameter 
and 35 mm length by means of DA-3 dilatometer. The examined 
range of temperature was 50°C to 250°C. Specimens were heated 
and cooled at a rate of 1 K/s, and the records of temperature and 
length were taken every one second. Microstructure was observed 
by means of Nikon Epiphot light microscope on samples taken 
from the middle parts or castings. 
 
Table 1.  
Basic chemical composition of the examined alloys 
Type of alloy  Quantity of element, % 
Zn  Al  Si  Cu 
ZnAl28Cu4   68  28  -  4 
ZnAl28  72  28  -  - 
ZnAl28Si0.5  71.5  28  0.5  - 
ZnAl28Si1.5  70.5  28  1.5  - 
ZnAl28Si2.5  69.5  28  2.5  - 
ZnAl28Si3.5  68.5  28  3.5  - 
 
 
3. Results and an analysis of 
examinations 
 
The structure of standardised ZnAl28Cu4 alloy presented in 
Fig. 1 consists of the Al-rich β phase, Zn-rich η phase, and Cu-
rich  ε  phase.  The  basic  structural  elements  are  dendrites  of  β 
phase,  among  which  both  the  binary  eutectic  (β + η)  and  the 
ternary  eutectic  (β + η + ε)  solidify.  The  structure  of  the non-
silicon ZnAl27 alloy is quite similar, and also consists of primary 
β  phase  crystals,  but  the  interdendritic  spaces  are  filled  with 
(β + α) eutectoid (Fig. 2).  Silicon precipitates appear in the alloys 
containing  Si addition, their shape and size being dependent on 
the quantity of this element. If this quantity is low, 0.5% or 1.5%, 
there occur numerous, very tiny globular or acicular precipitates  
(Figs 3, 4). In alloys with greater silicon content these precipitates 
are  significantly  larger  and take the shape of grains with sharp 
edges (Figs 5, 6). The shape and the size of silicon crystals are 
similar to those observed in hypereutectic silumins. 
 
 
100 m 
 
Fig. 1. Structure of ZnAl28Cu4 alloy, etched with Nital  
 
 
100 m 
 
Fig. 2. Structure of ZnAl28 alloy, etched with Nital 
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100 m 
 
Fig. 4. Structure of ZnAl28Si1.5 alloy, etched with Nital 
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Fig. 5. Structure of ZnAl28Si2.5 alloy, etched with Nital 
 
 
100 m 
 
Fig. 6. Structure of ZnAl28Si3.5 alloy , etched with Nital 
 
Figure  7  presents  the  abrasive wear of ZnAl alloys versus the 
silicon  content  and  compares  it  with  the  abrasive  wear of the 
standardised  ZnAl28Cu4  alloy.  The  measurements  show  that 
ZnAl  alloys  enriched  with  silicon  increase  their  abrasive  wear 
resistance  nearly  by  three  times.  The  significant  increase  of 
abrasive  wear  resistance  occurs  already  for  silicon  content  as 
small as 0.5%. On the other hand, increasing silicon content over 
1.5% do not further influence the abrasive wear resistance, except 
that  for  the  alloy  with 2.5% Si content the mass decrement is 
somewhat larger than that for alloys with 1.5% Si or 3.5% Si. The 
performed examinations confirm that copper can be satisfactorily 
replaced with silicon with respect to the tribological properties of 
materials. 
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Fig. 7. Abrasive wear resistance of ZnAl alloys versus the silicon 
content  
 
The results of examinations illustrated in Figure 8 indicate that the 
addition  of  silicon  to  the  ZnAl  alloy results also in a significant 
increase  in  its  hardness.  A  small  amount  of this element (0.5%) 
rises  the  alloy  hardness  by  about  20%.  The  highest  hardness 
values  are  achieved  in  alloys  containing  over  2.5%  Si.  These 
alloys  exhibit  hardness exceeding by about 10% the HB value of 
the comparative standardised alloy. 
Figure  9  presents  characteristics  of  thermal  expansion  of  the 
considered  ZnAl  alloys.  It  shows  that th e coefficient of thermal 
expansion  decreases  with  an  increase  in  silicon  content  in  the 
alloy, and the highest drop rate occurs in the range 0.5÷2.5% Si. 
Higher silicon contents do not cause changes of such significance. 
It  also  results  from  the  performed  measurements  that  alloys 
containing the addition of over 2% Si are characterised by lower 
thermal  expansion  than  the  standardised  ZnAl28Cu4  alloy. 
Taking  additionally  into account  that silicon does not undergo 
any  phase  transitions  in  solid  state,  one  can  conclude  that  it 
significantly increases the dimensional stability of castings made 
of ZnAl alloys. 
The presented initial results of investigations in the field of high 
aluminium zinc alloys point out that silicon can be an alternative 
element to copper. Further thorough investigations are however 
required  to  determine precisely the possibilities and advantages 
resulting  from  the  replacement  of  copper  with  silicon  in  the 
considered alloys. 
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Fig. 8. Comparison of average hardness values measured  
for the examined alloys 
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Fig. 9. Changes in the coefficient of thermal expansion  
of ZnAl alloys versus silicon content 
 
 
4. Final conclusions 
 
1.  Silicon added to the ZnAl28 alloy (≥ 2.5% Si) precipitates as 
a distinct grain phase uniformly distributed within the matrix 
volume. 
2.  Heterophase  structure  of  ZnAlSi  alloys  provides  for  high 
hardness and abrasive wear resistance. 
3.  The most advantageous set of examined properties occurs in 
alloys  containing  2.5%  or  3.5%  silicon.  For  these  silicon 
content  values  the  achieved  hardness  and  abrasive  wear 
resistance are higher, and the coefficient of thermal expansion 
is lower, than in the standardised ZnAl28Cu4 alloy. 
4.  The performed examination point out that copper in the high 
aluminium  zinc  alloys  intended  for  plain  bearings  can  be 
satisfactorily  replaced with silicon, which does not undergo 
any  phase  transitions  in  solid  state  and  do  not  cause 
dimensional changes of castings during their work. 
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